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Errata 

\'i,i-r     7   li(«)l   lin,'    _>(    shc'iild    ri;iil  , 

"Split  otT  from   the  lar^^r   ^tilc.  it-.ilf  uii.Iitwi  ,i'   .livi^ii.ii       Tin-" 

PaRe   10  [172]  liiu-  <),   for   "  iiioiin^tclc  '    rcul   "  stili'  " 
I'.iK'i-'    II    (l7,?l    Init.-     .'.     :itt<  r     "ro.  .1"     iii-c  rt        in    //      h\;-i-yhiiri;i." 
PaKC   12   (174)   line  14,  .iftiT    "//  .ir/i/iiiA/M"  in-<'rt    ".tiiil //. /'/.-(-/mi ;;,'/-/(;(  ' 
PaKi-    14  (176]   liru-  10.  after '7/  (ir/iifu/,i(,i"    ui-crt    "  .iiicl //.  ^/.7''''" '.;;■'''"'> 
PaRL-   IS  I177I  lull    .?  4.  omit   ilu-  woril    '  cxtra-stclar,'     and  lin.  .ji,  alter 
■  idacfil  "    in-t-rt    "by    tlu^c    liotamst>." 

Page   18  [iKol.  third  rcfrr<  ncc   from   ihc  bottom   (  Str.l^l)llr;^.■r.  I.ilirbmh 

<ler    Botanik)    for     03    read    '04 
Plates  I    &   II.    lu'adinK.  for  "  Biolonual  Scric^   N'.v  7"   read  "  l!iol.i^;iial 

Series    N'o    6" 
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'I'lic  '.vork  cmlxjilied  in  tliis  article  was  done  l)y  Mr.  J.  H. 
\\  Iiitf,  while  ])ursiiiiij^  jfraduate  stmlus  in  IJotaiiy  in  the 
University  of  Toronto,  during  the  year   u)tyC>-oy. 
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Ill  Ills  i'»;(y  I'll  |)..!\-ti'l  \.in  r!i-i;luiii  (  Si .  i  .Ittinr.l  i><>ly- 
y.{.-\y  as  fnllows;  "  Ix^  .ii-if.iii\  vii'hiiiini-  |rii\cii:  ("•trt- 
^t.iii|)is  en  |ihi-.u'iir-  ifuli's  aiitimr  il'.mt.iiit  il'.iso^  iluiM  •>i-im'iif 
ili>|)(>s«'s.  (le  iii,mi>"ro  a  ci>ii»tittKT  tuiit  .mtaiit  lU-  islitnlrc^  tin 
tr.'iux  (listiiicts.  .lyaiil  i-h,n  iiii  ".i  m'ulU',  st's  iiivmh^  m(''iM!t.iin's. 
Mil,  |»ericyclc  ct  si>n  eiulodcriiK'.  cuis  ri'li<'^  rl  fiivr!ci|>|»-  p.ir  tiiu' 
I'l'iirii-  ciimimme.  .  .  .  l-i  (lis|i'i,itiiiii  ili  l.tppiuil  imi- 
(liiitciir  est  jHilysti'li  nil'."  I'liis  I'lulitinn  lu-  iniui-iM'it  to  t)e 
ili-iiviMl  hy  rt'iK-ati'd  ili\  isioii  of  tlu-  mnim^tiU-.  I  If  ImsccI  lliin 
view  111)  ',.s  i-ciiui'i)tii)ii  n'  <•  aii.iiMiiiy  "i  \\w  sIimun  mI  I'ninula, 
Ui(nni-ra.  cti.,  iil  rxtciu.  lis  ((IkIiisi. i..s  to  tlu'  sIiMiis  i>l  most 
vascular     cryi/    >>■  iiiis.  rt'^arils     iio!y«tfly     in     roots,     he 

ilcscrilie<l    1).;;    .  "<     vxample — some    ol     tlie    roots    iii    certain 
lA'co])iKline.»'. 

\'.  ■  .•■ie!;!ii'm  i.  ■  .loiicil  the  "  tiiUTCiile>  "  of  ()it!iis.  Of'hiys. 
etc.,  \  n  show  iuttiui'>iiN  -tele>-.  only  to  state  that  they  merely 
simulate  i)c.lystely.  ""  I.es  tiil)erciiles  des  Onlii.i,  Of'liiys.  etc.. 
pcps^rilent.  comme  on  sait,  nn  phis  on  moin>  .t;ran(l  iioinhre  «le 
steles  ilistinctes  dans  line  reorce  comnniiie.  mats  toutcs  ces 
steles  s'attachent  indepeiidamment.  (|iioi.!ite  en  des  jxtints  tres 
voisins,  siir  le  rameaii  '|ni  porte  le  tuiiercnie:  elles  ne  iK'rivent 
pas  rune  dc  Tamie  par  \(>ie  <le  division,  (e  tntiercnle  est  done 
coiistitiu'  par  nn  faiscean  de  racines  concrescentes  et  iion  p.T  line 
racine  i)olyst('h(|ne.  ("est  nn  des  exemples  cpii  m..iUreiit  Ic 
mien\  coiiihieii  il  est  lu'cessaire  de  d.'^;aj.'er  la  polystt'Ii(nie  vraie 
des  illusions  pro'lnites  ]iar  la  concrescence." 

Polvstelv  in  lems  has  received  the  attention  of  several  invcsti- 
fjators  since  \'an  Tiei^hem's  time,  with  the  result  tli.tt  it  h.is 
heen  dis|)ioved.  I.eclerc  du  Sahlon  ("ik^)  has  shown  that  the 
numennis  strands  in  the  stem  of  /'/rn.c  do  not  orii^inaie  hy 
division  of  .i  monostele.  I.ikcwi-e,  riwynne-Vati,t;han  ("O") 
has  disproved  \'an  Tiei^hem's  statement  in  re<.;ard  to  l^riinuhi. 
lefTrcv  I  ;cx).  :oj),  hy  an  exhaustive  study,  ha-  shown  that 
in  none  of  the  so-called  polystclic   l'teri(lo]iliyt.i,  n^r  in  the  few 
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cases  amoii!^  the  .\ii.i,Mosperms,  i-;  this  condition  due  to  bifurca- 
tion of  a  sinf;le  stele.  Instead  t  has  been  proved  diat  the 
central  cylinder  is  always  a  monostele.  and  that  the  tra])*  caused 
bv  the  <lcparture  >>i  the  foliar  and  rannilar  traces  from  a  niedul- 
lated  monostele  furnish  the  explanation  of  the  so-called  ]K>ly- 
stclic  type. 

I'olystely  in  roots  has  likewise  received  some  attention,  and 
it  is  said  to  exist  in  the  tuberous  or  abnormal  nmts  of  the 
I^jimninosx,  Cvcadacea-,  and  I'almacea'.  Of  these,  the  roots 
of  the  I'alinacea'  have  been  most  carefully  examined,  notably  by 
Cormack  ('o'))  ami  Drabble  (  :o4).  C"onnack  di-'.overed 
what  he  considered  to  be  polystely  in  tiiis  proup.  and  his 
observations  have  been  corroborated  by  Drabble,  and  summar- 
ized as  follows :  "  Cormack  grouped  the  arrangements  met  with 
under  several  headings,  commencing  with  the  normal  type 
p(jssessing  a  complete  endwlermis  surrounding  a  central  tibrous 
or  sclerenchymatous  ring  in  which  lie  the  xylem  and  phloem 
elements.  Passing  through  the  conilition  in  which  the  cylinder 
is  still  complete,  but  longitudinally  lot)e(l.  the  endixiermis  dipping 
into  the  depressions,  but  being  quite  continuous,  he  came  to 
those  roots  in  which  the  central  cyliniier  is  composeil  of  a  series 
of  independently  running  strands  of  fibrous  tissue  presenting 
the  form  of  arcs  of  circles  in  transverse  section;  between  these 
the  endodermis  dips  in  and  becomes  discontinuous:  and.  fi'ially, 
he  descril)ed  the  case  of  Areca,  where  one  or  more  of  these 
independent  strands  ])rcsents  a  comjilete  radially  symmetrical 
cylinder  or  '  stele."  as  he  terms  it.  round  which  the  endodermis 
is  comi)lete."  Drabble  points  out  that  the  "  polystelic  "  condi- 
tion i:.  restricted  to  the  proximal  portion  of  the  roots;  the  distal 
is  alw.iys  that  of  a  normal  monostelic  root.  Whatever  inter- 
pretation may  be  placed  nixMi  these  observations,  it  will  be  seen 
that  the  phenomena  to  be  descrilK'd  in  the  roots  of  the  Orchi- 
d.ice.e  differ  in  some  respects  from  tli"-e  i.i  the  Palmacea\ 

Since  \'an  Ticf;"liem's  time  no  cnmpai.uive  investigations  of 
the  multistelic  roots  of  the  ( )rchidace.'.  liaxe  been  male  to  fleter- 
mine  the  homologies  of  their  stclar  system,  and  .all  later  refer- 
ences agree  with  his  views. 

Strashurger  (  :04).  in  his  text-lxxpk  of  botany,  says: 
"  I'.inen  eigenen  morphnlDgischen  Aufbau  zeigen  die  Knollen 
cier  ()rcliideen.     Sie  wcrden  der  1  l:ui])tniasse  nach  aus  Heischig 

I166I 
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ansescinvolleiR-n.  iiicht  \(iii  oiii;miliM-  Lrcxiiiilcrtcn  Wurzeln 
gcbililet,  oheii  siltliessi-ii  sie  ;it)cr  mit  ciiicr  Stamniknospcn  ah  " 
(p.  40,  also  p.  4.^5).  Sil  to  (:<)_•)  >ays:  "  \\  fiiii  man 
den  Xanien  Polystelie  dciinocli  hcihehaltcn  will,  so  kaiiti  man 
diesen  anwcnden  aiif  <lit.'jetiii,'^fn  I-allc  wie  <lie  <  )iTlii(lcuiuviirzel- 
knollcn,  wo  diircii  Verwaclisi'ii  tnclirercr  Wurzclii  em  eiiitieit- 
licher  Korper  entstelit,  der  wirklich  melirere  Steleti  fulirt. 
Bekanntlich  hezeiclmet  alu-r  -;erade  \an  Tieshem  diesen  I'"all 
niclit  als  I'i)lystelie.  ueil  er  liier  diireli  Verwaeltscn  ent^tanden 
ist  "  (p.   156). 

These  views,  liowevcr,  liave  not  seemed  conclnsive.  and  the 
present  investi,s,'ation  was  hej^ntn  witli  a  view  to  determine,  tirst. 
the  structure  of  the  roots  ol  terrestrial  Orchidaeeic.  and  sec- 
ondly, the  interpretation  iii'  their  structure  in  term>  of  modern 
stelar  liypotheses. 

The  roots  of  these  Orchids  are  outt;rowtli<  nf  an  adventitious 
.shoot — a  fact  .'ue  to  the  haliit  of  vej;etati\e  reprcxluction  char- 
acteristic of  these  plants.  I-",ach  year  one  or  more  stolons  arc 
developed,  each  of  which  i)roduces  a  new  hud.  The  old  plant 
dies  away,  and  the  a<lventitious  shoot  peri)etuatcs  the  species  the 
followiiifj  season.  In  connection  with  this  method  of  leproduc 
tion  many  of  these  Orchidace.e  show  a  ditTcrentiation  of  tlie 
root  system  into  a  primary  tuhemus  root — part  of  ilie  so-called 
"  tuher  "  and  haxini;  the  characters  of  a  storay;c  root  -,ind 
somewhat  slender  lateral  roots.  This  is  e>peciallv  true  of  the 
Ophrydin.e.  It  is  in  the  roots  of  this  class  of  Orcliid.ice.e  that 
tliere  is  an  appe.irance  of  polystely.  and  it  i>  with  the  an.itoMiy 
of  these  alone  that  we  are  here  concerned. 
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just  as  in  the  case  of  siicl)  moiK-stelic  sdca  as  Goodycra, 
lifyipactis.  etc.  I  late  1.  Iikmrc  4.  represents  a  transverse  sec- 
tion (jf  the  stele  of  //.  ImntcaUi.  In  the  apical  region  there  is 
a  well-formed  root-cap,  and  just  hack  of  it  the  ineristem  from 
which  are  difTerentiated  the  three  embryonic  rcs,nons,  namely 
dcimatojren,  periblcm  and  i)ierome. 

The  ]K)Iystelic  ( pseudo-polystelic.  according  to  \"an  Tieghem) 
type  is  not  mentioned  hy  Van  Tieghem  as  occurring  in  the 
lateral  roots,  hut  has  been  described  by  Holm  (  104)  in  several 
forms.  Habcnaria  orbkulaUi  furnishes  examples  of  distelic 
roots,  and  there  are  indicai'^ns  of  distely  in  Orchis  spcctabilis. 
In  the  latter  species  many  ca>es  were  met  with  in  which  the 
stele  showed  a  distinct  tiattening,  and  while  no  case  of  two 
steles  was  seen,  it  is  very  i)robnhle  that  this  condition  some- 
times occurs.  The  lateral  r'»>ts  of  //.  orbiadata  are  always 
monostelic  at  their  base,  i-arther  out.  the  stele  in  some  of  them 
flattens,  and  still  farther  out,  assumes  a  horse-shoe  shape, 
i'l.-ite  1.  figure  (>,  represents  the  stele  of  //.  oybkulata  when  just 
beginning  to  llatten.  and  Plate  I.  figure  7,  the  latter  condition. 
I'arther  out  still,  the  stele  is  constricted  into  two  equal  p.;rts 
(  Plate  I.  figure  f<).  or  in  other  words,  hy  an  act  of  bifurcation, 
the  moiiostele  gives  rise  to  two  steles,  a  ])licnonienon  that  Van 
Tieghem  apparently  could  imt  have  observed,  standing  as  it  does 
in  direct  opposition  to  his  statement  on  t  subject  (Van 
Tieghem  and  Douliot  ('<S6).  These  strands  cuiitinue  side  by 
side  throughout  the  greater  part  of  the  root.  At  the  tip  of  the 
root  a  tyjiical  rfrnt-caj)  is  present,  and  just  behind  it  a  single 
nieristem  giving  rise  to  a  single  dennatogen.  periblem.  and 
plcrome.  .\t  some  distance  hack  the  primary  plerome  strand 
gives  rise  to  two  secondary  plerome  strands  corresponding  to 
the  two  steles  and  to  the  ground  tissue  separating  them.  Eacli 
of  these  steles  is  a  typical  r(X)t  stele,  possessing  alternate  bast 
and  wood  elements,  and  each  is  enclosed  by  an  endodermis.  .\% 
already  stated,  the  roots  of  H.  orbiciilata  are  not  always  distelic. 
those  of  the  earlier  generations  and  the  smaller  ones  l.:ing 
monostelic  throughout. 

Of  the  jxilystc'ic  type  none  is  of  greater  interest  than  the 
roots  of  //.  bli'phari(^lt>ttis.  Flook.  In  these  the  strands  com- 
]H)sing  the  root  stele  bear  the  same  relation  to  the  vascular  sup- 
ply of  the  stem  as  in  the  case  of    any  monostelic    form,  such  as 
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H.  bracli-dta.  V.ach  .^i  tlio  latoral  loots  in  nmst  of  the  sjn'ci- 
meiis  that  were  exainiticil  \\a>  t'omul  to  lie  iiionosti'lu.-  at  it>  base 
as  in  //.  iirhiiiihtlti.  It  i<  iii  iiiany  ca^(.'>  luotnstcln'  lor  -,,nio 
ilistaiicc  out.  and  then  heconte^  >i|ihoiio-telii'.  owiiii;  totlie  appear 
ani'o  i>l  a  pitli  and  an  internal  enilodernn>  I  I'late  I.  tii;ure  I  ), 
a  conthtion  that  is  uiii(|iie  in  the  siiiKt\tre  oi'  root  -.tele^.  I'artlier 
out  trcim  the  stem  a  i;ap  ajipears  in  the  >tek'.  tliront;h  which  the 
pitli  and  cortex  connect,  and  tlie  internal  ancl  external  endo- 
dermes  hccoine  coittiinioiis  (I'late  I.  tiijtne  j.  ii).  As  tiie 
scries  is  followed  on  in  the  same  dncciion  the  !j;ap  enlartjes. 
,t;i\in,i;  the  stele  a  horse-shoe  >h;ipe.  Sncccs^ive  acts  of  >c!^men 
tation  then  take  place,  steles  heint;  pnu'heil  off  from  the  ends  of 
the  n1i,  c.  more  or  less  alternately  i  i'l.ite  1,  lii^nre  .O.  I'H  tinally 
in  ])lace  of  the  moiiostele  there  is  a  numlier  of  -mall  -leles  of 
a])pro\imatelv  the  same  si/e  re^ularlv  arrani,'ed  in  .1  circle, 
l-'.ach  of  these  small  steles  has  the  ha-'t  ami  wimhI  elements 
arraiii,'ed  in  an  irrct;iilarly  radial  m.inner   (Plate  11,  limine   tot. 

The  roots  of  this  species  that  were  examined  showed  only 
minor  points  of  difference  amonij  themselves,  such  as  a  -".aller 
or  a  larfjer  inimher  of  steles,  according;  to  the  si/e  of  tne  root, 
or  an  at  t'lrst  scattered,  irretjnlar.  instead  of  circular  arrant;e- 
metit  i>f  the  individual  steles.  In  some  cases  a  >tele.  .after  heint; 
roots  of  //.  Iiyt^crbiimi.  R.  F.r.  (Plate  II,  W^urc  o).  The 
main  fact  held  for  most  of  then;,  n.imely,  that  the  individual 
steles  were  derived  liy  .1  process  of  scijjment.ition  from  a  mono- 
stele.  ( )ccasionally.  liowexer.  in  rohnst  roots,  tiie  conditions  at 
the  base  .•i])|>roach  those  in  //.  liyprii'i'rrd. 

Ill  more  specialized  forms  the  lihro wascnlar  siijiply  comes  off 
from  the  stem  in  a  small  niimher  of  stele>,  ,is.  for  example,  in  the 
roots  of  //.  Iiyprrh,in\i,  K.  Pr.  (Plate  11.  tisjnre  <))•  'I'he 
oriijin  of  the  strands  comixisintj  these  stele^  is  in  no  w.iy  differ 
cut.  li<)we\er.  from  what  ohtain^  in  the  three  species  alre.idy 
descrilK'(l.  The  small  inimher  of  st;'le--  seems  to  mean  that  the 
division  of  the  nionostcle  is  carried  h.ack  to  the  stem  connection. 
Farther  out  these  steles  are  to  he  foiimt  undert;ointj  division, 
resulting  in  a  lartje  numher  of  small  steles  of  approximately  the 
same  size,  just  as  in  //.  I'li-pluirii^L'ltis  (  Pl.ite  II,  figure  \o). 

The  tip  in  all  these  ])olystelic  riHils  is  clothed  hv  a  single  root- 
cap,  just  as  in  //.  orhiculiitd.  U'lnnd  which  is  a  small  celled 
meristcm  from  which  all  of  the  org.ans  of  the  root  originate. 
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It  is  wiirtliy  <>f  m.tc  from  a  pliyloj^a-nctic  staii<l]H.int  tliat  in  the 
riMits  (if  ])Iants  of  yoiinjjcr  ^'uncrations  the  miniher  <>f  stdes  is 
vcT'.  nimli  smaller  tliaii  in  those  of  older  jjeneratioiis.  For 
example,  in  the  roots  of  i)lants  of  //.  orbiciihitu  lK'lon,<,niiR.to  very 
earlv  _t,'eneiatinns  never  nior-:  than  one  stele  was  present;  in 
//.  hxt'crhorcit  as  few  as  two  were  foniul.  and  in  //.  bLphari- 
^lot/is  the  innnl)er  was  likewise  small.  The  increase  in  the 
luimher  of  steles  in  the  roots  of  plants  of  each  sncceedin^  gen- 
eration from  the  seed  till  the  flowerintj  plant  is  reached  without 
a  proportionate  increase  in  the  mnnher  of  steles  enterini^j  tiiese 
roots,  and  without  any  indication  of  a  distnrhance  of  the  condi- 
tions (Iescrihe<l  in  the  piiiictiini  7Vt,v/(///(»;/(>  of  each,  seems  ont 
of  accord  with  the  theory  of  concrescence. 

I'xamination  of  very  younp  plants  in  a  inimher  of  species, 
where  the  roots  were  just  heginninp  to  <;row  ont  fmm  the  stem, 
showed  that  hut  one  meristematic  mass  was  present,  and  in  no 
case  was  there  any  indication  of  a  fusion  of  two  or  more  root'-. 
In  accordance  with  the  view  that  the  jthylopeny  of  the  race  is 
recapitulated  in  the  ontogeny  of  the  individual,  one  might  have 
expected  to  find,  in  some  cases  at  least,  discrete  meristematic 
areas  corresponding  to  com])onent  roots,  if  tlie  c<increscence 
theory  were  correct;   but  one  for  each  root  is  the  invariable  rule. 

The  other  polystelic  s])ecies  examined  were  H.  clarellata, 
R.  I'.r.  //.  psxcodcs.  Gray.  //.  vircsccus.  .Spreng,  //.  hiccru, 
R.  P>r.,//.  ohtusiita.  Rich..  H.  U-ncophaea,  Gray,  and  //.  Hooker- 
iaiHU  A.  Gray.  The  structure  of  the  roots  of  these  species 
agrees  very  closely  with  that  just  described  for  //.  hypcrhorca. 

THE    I'RIM.VRY    ROOT   OF   THE   "  TUBER  " 

As  alreadv  stated,  \egetative  reproduction  is  characteristic  of 
terrestrial  t)rchidace;e.  and  in  many  of  them  the  adventitious 
slKwt  is  tuberous.  A  typical  "  tulxT  "  consists  of  a  stolon  or 
rhizome  bearing  a  lateral  bud.  from  which  in  turn  there  is 
devloped  :m  axial  tuberous  root,  occupying  the  position  of  a 
primary  root,  .\niong  the  "tubers"  there  is  much  '.ariati  >'i 
in  the  length  of  the  stolon,  and  the  direction  of  the  axis  of  the 
root.  Thus  in  //.  hnictcata  and  //.  (irbiaihitii.  for  example,  the 
stoldii  is  verv  short,  whereas  in  //.  chivclhita.  If.  blcpliarif;lottis 
and   Orchis  spcitabilis  it  is  comparatively    long.       In    most    of 
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these  (Irchids  tlie  (iiiinatv  mot  is  ver;  '1.  lutt  tlu'to  ;irc  all 
gradations  to  the  hori/nntal  position  a  iinio<l  in  the  lase  of 
//.  ililiitdtii.  <"ira\.  I  here  may  i)e  e\en  s.inie  variation  in  the 
same  species.  Tinis  in  //.  h\fi'ibi'ri\i  there  is  consulerahle 
variation  in  the  leiifjth  of  the  stolon,  ami  it  is  notiee.ilile  that  an 
increase  in  the  le'ijjth  of  the  stolon  is  acc'>mpanicil  hy  a  ijreater 
departure  of  the  root  froTii  its  nsnal  vertical  i>>sition. 

The  ."tolnn  possesses  a  single  >tele  of  canline  strnctnre.  There 
is  a  continuous  ring  of  xyleni  around  a  ceiural  pth.  with  the 
bast  externally  (ilaced.  and  the  \vhnU>  is  surrounded  hy  an  eiulo- 
dermis,  that  is.  tlicre  is  an  ectophli>ic  si|)honoste!e  (  Plate  I, 
figure  5).  This  seems  to  agree  with  tlie  ])rimitive  nionocotyle- 
donous  tyi)e  of  canline  stele  as  delined  hy  (Iny^ler  (  :o4).  and 
I'lownvin  (  :(K>».  This  ■-i|)honostcle  goes  to  supjily  the  yomig 
shuot  aiiii  its  riM)t. 

Characteristically  the  primary  axial  root  k  polystelic.  the 
nuniher  of  stele.-;  varyiiig  from  as  few  as  two  in  i^'-cliis  sf^ccta- 
bills  to  twenty  or  more  in  //.  hlrf<li(iri_^li>ttis.  It  '-eni.iins  now 
to  he  determined  whether  these  are  steles  of  a  fumlamentaHy 
unit  r(X)t.  as  has  been  shown  to  he  the  case  in  the  lateral  roots, 
or  monosteles  r.f  concresceiit  roots,  .\mong  the  Literal  roots, 
as  lias  been  seen,  there  are  both  monostelic  and  jnilystelic  forms, 
with  insta';ces  of  i.slely  occurring  in  //.  orhiciilitta  as  a  connect- 
ing link.  .^11  of  the  Literal  roots,  except  the  most  specialized 
forms,  arc  monostelic  at  their  base,  the  mot  ti'-  of  .all  show  but 
one  small-celled  nieristem  (Plate  II.  figure  f  -id  the  young 
roots  originate  each  from  a  single  meristema.  rea.  .\  care- 
ful examination  should  reveal  the  exteiu  to  wliich  the-^c  condi- 
tions prevail  in  the  axial  mots. 

In  the  transitional  region  lietween  stem  .and  .ixial  root,  in  a 
form  such  as  Orchis  sf'cctahilis.  the  stolon  siphoiiostele  gives  off 
the  vascular  axis  of  the  adventitious  bi.'d.  and  a  pair  of  steles 
which  turn  down  into  the  tuberous  root,  .\lmost  immediately 
in  Some  plants  a  third  rixit  --tele  is  given  ot'f.  .\ftcr  supplying 
the  hud  the  siiihonostele  at  once  becomes  much  attemi.ited, 
curves  down,  and  ends  in  a  minute  jirojcction  of  nieristematic 
tissue  on  the  surface,  on  the  way  giving  off  .1  single  trace  to  a 
leaf  which  sheathes  the  new  shoot.  The  nieristematic  [)rojec- 
tion  is  the  tip  of  the  st.ilon.  and  hence  the  adventitious  buil  is 
distinctly  lateral.     The  three  root   steles  do  not   form  a  mono- 
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stclf  at  tlii'ir  li.i^c.  tlioiiRli  tliey  leave  tlic  stolon  at  iitaitically  the 
same  le\cl.  Tliev  recall  tin-  rDiulition  nf  affairs  in  llio  l)ase  of 
tlie  lateral  roots  of  //.  Iiyf^rrborcu  (Diagram  il.  Mucli  the 
same  i)lu'noiiiena  obtain  in  the  case  of  //.  orbuuhita  (  Diaijranis 
_>  I  ^).  Here  a  jtair  of  root  steles  is  fjiven  otT  just  as  in  Orchis, 
but  the  tiiinl  stele  is  <ji\en  off  at  a  lower  plane.  I'snally  this 
thinl  stele  si>on  bifurcates,  so  that  of  the  four  stele>  i)resent  in 
the  axial  nnit  two.  at  least,  are  obviously  derived  from  a  i)rc- 
existintj  nvnostele  bv  rm  act  of  l)ifiircatii>n. 

In  those  fonus  which  have  ac»|uired  a  diatjc<itrnpic  habit,  as. 
for  exam])le,  //.  liiri'i-ILila.  the  orii,nn  of  the  nxu  steles  is  very 
diffuse — a  phenomenon  on  which  \'an  Tieijhcin  baseil  his  main 
arijument  in  support  of  t  c  concrescence  theory.  The  stolon  has 
the  same  nnxlc  of  orii^in  as  in  the  ])reccdintj  forins.  and 
possesses  a  similar  siphonostele.  Serial  sections  show  that  this 
siphonostele  .soon  befjins  to  i:;ive  off  steles.  These  are  very 
small  ;uid  are  usually  given  off  ri.tjht  ;nid  left  alternately,  while 
the  remainder  of  the  siphonostele  continues  on  in  the  same 
relative  i>osition.  i'hey  slant  downward  and  riui  alonjj  close 
to  the  ventnd  surface,  the  whole  of  them  furniinsj  ;ui  arch  when 
viewed  iu  transverse  section.  These  small  steles  are  usually  all 
derived  from  the  main  stele:  only  very  rarely  does  one  of  them 
bifurcate  after  being  given  off.  A  marked  difference  is  observ- 
able in  the  character  of  the  cortex  in  the  dorsal  and  ventral 
res^ious.  in  that  the  cells  of  the  dorsal  region  are  smaller  and 
more  compact  than  those  of  the  ventral.  From  the  dorsal  por- 
tion of  the  si])honostcle  the  stele  to  the  new  shi>ot  is  given  off. 
As  in  the  fonns  already  described,  the  stele  oi  the  stolon  then 
becomes  abruptly  attenuated,  gives  off  one  or  two  more  root 
steles,  curves  up.  and  ends  in  the  stolon  tip  on  the  dorsal  surface, 
on  its  way  giving  off  the  leaf  trace.  It  is  important  to  note  that 
in  s])ite  of  their  \ery  diffuse  origin  all  of  the  steles  given  off 
along  the  stolon  jiroceed  to  the  ti])  of  the  tuberous  root,  and  end 
in  one  meristem.itic  area  in  the  growing  point,  just  as  in  all  the 
other  species  examined  (Diagram  14). 

On  comparing  this  form  with  Orihi.i  and  /f.  orhiciih^ta  it  is 
noteworthy  that  there  is  no  difference  other  than  that  the  root 
steles  have  a  more  diffuse  origin — a  (ihenomcnon  that  is  pro- 
bablv  to  be  accounted  for  by  the  u;nisual  ]>ositiiin  of  the  root. 
That  tiiis  is    the    case    is    well  shown    by    //.  h\f<crborca.     .As 
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already  stated  tlieri-  i^  iiuuli  variation  in  tlu-  lotis;tli  '>t  tlio  ^ti>li)ii 
and  the  |>ii>iiitiii  nl  tin-  rom,  ilu'  two  l)ciiii;  a^xn'iaic'l  iiMn-  ^r 
less.  In  tlioe  laM-s  where  the  ^tulun  i■^  extremely  ^l^l|■^  and  the 
axial  root  acinrdinj^ly  iierpeiidicnlar.  no  steles  are  i;i\en  olt 
tlirontihont  the  lent;!!!  of  tlio  >tolon  ])ro|H-r.  and  ihe  orti;i'i  "'  '''^' 
root  steles  is  no  more  dit'fnse  than  in  ('rr/fi  >r  //.  (<r}'icit'.ita. 
I'.iit  in  those  instaiues  where  the  plant  pnt^  toith  a  Ions,'  stolon 
anil  the  axial  rinit  takes  on  a  slantmy;  iHisitjon,  -tele-^  are  i^nen 
ott  as  III  II.  ihizrllatii  (Diai^ranis  i5-j(ii.  lleiiee.  it  >eenw  e\  i 
dent  that  the  dit'fnse  orifjiii  oi  the  root  stele>  in  forms  like 
//.  clinvlLitii  is  to  he  asfrihed  to  the  diaijeotropism  of  the  V'^^t. 
It  miuht  he  stated  here  that  in  //.  /'/■■/•/(un-/  '///.v.  where  the  po-i- 
lion  of  the  rout  comes  neare>t,  of  the  speeie>  exaimiied.  to  that 
of  //.  (7ij:r//(//(i.  the  dej^ree  t'i  dittnseness  of  the  root  sti-le-.  is 
intermediate  1"  t ween  tl..-  condition  in  //.  Infi-rlhuwi  ami  that  in 
//.  chnrllata. 

i'lants  of  //.  Iiyf^rrborra  of  a  very  early  ;^eiierat,on  po,-,css 
another  feature,  however,  of  even  j^reater  iin|)ort.  I'or  several 
sections  helow  the  region  of  the  stolon  -tele,  that  is.  at  'he 
u])per  end  of  the  axial  root,  all  of  the  vascular  element-  .ire 
enclosed  within  one  endoderniis.  This  sintjle  root  -tele  then 
simultaneously  hreaks  up  into  the  two  or  three  steles  which  are 
present  throusjhnut  the  remainder  of  the  a\i;d  root  to  its  tip 
fDiaijram  27).  a  fact  that  anmiints  almost  to  a  demonstr.ition 
that  the  axial  root  is  :.  unit,  and  not  the  result  of  concrescence. 

Tluis  tl  ere  is  a  fairly  complete  series,  in  the  case  of  the  axial 
or  tuberous  rcKit.  from  the  monostelic  to  the  most  extreme  i)oly 
steiic    ty])e,    which    parallels    closely    what    has    heen    already 
described  for  the  lateral  rix)ts. 

It  is  further  to  Ir"  noted  that  the  tip  of  th"  axial  .■"it  has  a 
single  root  ca]).  and  behind  it  the  merislein.  \  Inch  is  dit'fereii- 
tiated  as  in  the  lateral  roots.  Fi,t,nires  11.  i_',  i,v  of  I'late  H. 
are  from  serial  sections  of  the  tip  of  the  axial  tuberous  rcM)t  'M 
a  plant  of  //.  hyf'crborra  of  an  early  i^cneration.  in  which  there 
is  a  primary  plerome  strand  that  is  continuous  ])roximally  with 
secondary  plerome  strands.  Occasionally  the  tij)  is  forked,  as. 
for  example,  in  H.  bractcata.  This  forkin;;.  however,  occurs 
only  in  the  older  roots,  anil  seems  to  be  of  the  n.iture  of  .1  si)lit- 
tintj  or  dichotomy,  and  bears  no  relation  to  the  numtier  of 
steles.     Apparently  the    r<x>t  tip  is  first    tlattene<l.  and  a  meri- 
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stcmatic  area  in  the  centre  of  the  tip  ceases  prowinp.  while  the 
isolated  areas  oi)  either  side  continue  their  tjri)uth.  which  results 
111  the  Idikmi;  jn^t  nientiniied.  1  )ral)l)le  (  .1)4)  has  ti^'iired  a 
similar  inrkini,'  in  Kcntui,  Sp. 

The  same  fact  has  heen  ohserved  with  rcf;ard  to  the  tnheroiis 
roots  as  was  seen  in  the  lateral  r<Hits.  namely,  tiiat  in  those  of 
the  earlier  j;eneraiions  the  iuiml)cr  of  steles  is  much  smaller  than 
in  thosi-  of  the  later  ),'eneratioiis.  Thus  it  is  not  uncommon  in 
//.  hidctiiilii  to  find  three  steles  in  tlie  axial  root  of  one  >^enera- 
tioii,  and  six  steles  in  the  corresponding;  pxtt  of  the  next  i;en- 
eratioii.  A},Min.  in  the  tuhcmus  root  of  //.  hypcrbiirca  of  a 
vounjj  generation  (Diagram  2j)  two  steles  were  found,  while 
the  next  generation  showed  very  maiiy  iiiorc.  and  in  early  jjen- 
erations  of  //.  crhiculatu  there  is  hut  one.  It  is  alti>t;:etlier  prnb- 
ahle  that  in  the  earliest  generations  of  all  of  them  there  is  hut 
a  sjn<,de  stele. 

THE   "  Tl'BER  " 

\'an  Tieq-hcm  looker!  ui)on  the  "tuber"  as  a  hrancli  carrying 
a  "  tnhcrcule  '  with  a  greater  or  smaller  number  of  distinct 
roots,  the  steles  of  which  attach  themselves  independently, 
though  at  i>oints  very  close  together,  on  the  branch.  According 
to  him.  the  "  mbercnle  "  is  a  bundle  of  eoncrescent  mnnostelic 
HKits.  and  not  a  single  polystelic  root.  Others  have  gone  further 
and  included  more  in  the  concrescence.  Thus.  (i.;rniain  de  St. 
Pierre  i'-,^)  includes  in  it  stem  and  leaf  portions  as  well  as 
nvits.  and  he  has  lately  l)eeu  followed  by  Holm  (  :04).  But 
according  to  the  foregoing  f)bscrvations  on  the  primary  root  of 
the  "  tul)er '"  taken  in  c<injunction  with  those  on  the  lateral  nxns. 
the  "  tul)ercule  "  is  simply  a  swollen  root  which  is  usually  poly- 
stelic. ( )nc  other  fact  has  been  overlooked  in  previous  accounts 
of  the  "  tuber.'"  namely,  that  the  stolon  continues  beyond  the 
origin  of  the  adventitious  shoot,  and  that  the  leaf  ensheatliing 
the  u|>()er  part  of  the  "  tuber  "  derives  its  vascular  supply  from 
the  distal  portion  of  the  stolon. 

CONCLISIONS 

The  "  concrescence "  theory  has  been  stated  alrea<ly.  The 
grounds  on  which  this  view  is  based  are  the  dififuse  origin  of  the 
steles  of  a  tuI>erous  root,  and  the  forking  of  the  root  tips  in 
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forms  Mui)  as  //.  bra,ti\itii  ami  Onhis  Litif'u'iii.  I'.iit  in  t!u' 
lijjlit  iif  llif  loii.-;;niny;  i>!>^iT\atinn~  tlu--c  L;i"iiiiil>  an-  scantiy 
tenalilc. 

riic  forkinp;  <>l  liilifrmis  ruipts  is  a|>|iariMitl\  a  mattiT  <>t  ai\i- 
(Jent.  Tlicre  is  no  indicatmii  ut  it  in  s^iiiil;  i'"its  \>ru>T  t"  t'.iv" 
difTtTctitiatidii  ..»  the  stcli~.  Mi'H'ii\fi,  it  luar-  it^'  iclaii"ii  ii> 
•he  stflcs.  I'"(irkiiii:  is  ivt  tliaraitt-ristu-  ol  thi-  m..ii-  sUmuIit 
roots,  and  it  is  ticvcr  pri-sfiit  m  l.iiiTal  V'k.Is,  ti,,r  oven  m  \\w 
markedly  tmiltistelic  routs  of  //,  J,i:rlhit,i.  tlioiii;h  not  of  mire 
qiictit  ovTiirreme  in  swollen  roots  of  sexeial  other  sjienes.  The 
forkini,'  is  prohahly  eansed  hy  pniily  nieeliannal  fon'es,  and  ni 
view  of  the  facts  recorded  of  the  earlier  stages  of  (le\elo|)inen* 
can  he  rejjarded  in  no  way  as  indicatmij  concrescence. 

It  is  a])|)arent  from  former  .iccoiints  that  the  theory  of  coti- 
crescence  has  heen  hased  on  an  eNamination  of  the  tnherous  roots 
only.  To  understand  the  structure  i>f  these.  howe\er.  in  rei;^ard 
to  the  origin  of  the  steles,  the  conditions  olitainini;  iii  the  l.iter.d 
roots  ;ire  of  m.iteri.il  assistance.  Tlnis  it  has  heen  seen  that  the 
lateral  roots  of  //.  bnhtCiit.i  exhihit  typical  inonostely.  and  the 
other  .■:])ecies  may  he  looked  upon  as  iiresentins.;  devi.itions  from 
this  IK.'.  Of  these.  //.  I'rbicuhitu  shows  the  least  devi.ition. 
onlv  some  of  the  roots  iicini;  distelic.  and  these  for  tlie  central 
jKirtioti  only  of  their  lentrth.  The  r^Mits  i,f  //.  lilcpluirv^littis 
are  characteri/'ed  hy  a  still  f::re.iter  deviation,  in  that  they  possess 
more  than  two  steles,  hut  althoui^h  this  is  the  case  they  are  ch.ir- 
acteristically  monostelic  at  the  liase.  and  hence  cm  only  I>e  looked 
tiiHrti  as  sint;le  n>ots.  1!.  h\p,-r}'or,;i  dep.irts  from  the  type 
more  widely  still,  in  that  the  roots  ;ire  never  nioiiostelic  at  tlie 
h.ise.  However,  the  fact  that  they  jtossess  hut  .i  few  steles  in 
this  rej,don.  and  tliat  the  larj.:er  numher  f.irther  out  is  deri\ed 
from  these  hv  sejrmentation.  shows  the  tendencv  tiiw.irds  the 
condition  in  //.  /'.'.  ^'  r'^liittis.  ;ind  may  lie  t.aken  to  indicate 
tlint  the  divisiivn  of  the  monosteie  has  heen  carried  li:;ck  into 
the  stem.  To  cite  an  analoijous  case,  the  cirrynii,'  h.ick  of  the 
cleavatje  of  a  f"il)ro-\ascul;ir  strand  to  its  oriLrin  is  seen  in  tiie  leaf 
traces  of  certain  ferns.  I'rimitisely  the  fiJi.ar  tihro  x-,isciilar 
supply  in  the  f'iliriilrs  comprises  ;i  single  straiicl.  Inn  in  iiianv  of 
the  more  specialized  ferns  this  stratKl  is  divided,  .md  comnionlv 
the  segments  are  att.aclied  sejiarately  to  the  stel.ir  ,ixis  of  the 
stem.     Indeed,    the    facts    relati\'e    to    the    oritjiii    of   the    steles 
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ill  iiiiilli^U'lii.-  lateral  rcH)ts  iioim  t<>  the  coiuhi-iMn  that  they  arc 
the  iiMiit  i<i  the  >ef,niientatiiiii  ni  a  siiinle  stele,  ami  are  ii'>t  iiulica 
ti\e  111  i(.iiiTe-<ieiue  <<i  se\eral  niniiostelie  r<»>'.-i. 

The  sU-le<  i>f  the  iiiultisteln.-  axial  or  liihennis  r'">t>  are  imK-!i 
more  liec|iiently  altaihed  .-eparately  to  the  truilme  »tele  than  i- 
the  lase  m  the  lateral  roots,  hut  this  phciionicnon  is  not  as  iitii- 
\er->al  .•!>  \  an  I  iei,'hem  thoURlit.  In  fact.  scfjii'i'iH-'*''""  "'  •' 
root  stele  i-<  In'  ii"  means  inlrei|nent.  and  sometime-  moni)steles 
t\i>t  at  the  liase  ot  axi.'il  roots  in  earlier  jjenerations.  ''.'\n\<.  the 
ImIktoUs  roots  of  e.trly  ji;eneration>  of  //.  orlncuhila  are  niono- 
stelie  thioiiyhont.  am!  what  m.iy  he  considereil  of  jrre.iter  si^ 
mtie.inee.  eorresi>onilin,!,'' monosteles  in  //.  hyf^rrhincii  ilivide  .after 
leaMiii;  the  stem,  jilaiiily  fiillilliiij;  the  eoiiditions  expressed  l>y 
\';tn  Tieiihem  in  his  definition  of  polvstely.  Moreover,  the 
most  strikin-j:  examples  of  ;i  dit'fnse  origin  of  the  steles  ocenr 
in  spiries  like  //.  cUi:rl!iilii.  in  uhiili  the  .ixial  riH)ts  are  cliarae- 
teri/cd  hv  ;in  extreme  diaKcotropu-  haliit,  ami.  as  n.is  heen  showti. 
tlie  jree  of  ditt'iiseness  is  me.isiiied  hy  the  extern  of  the  defec- 
tion of  the  root  from  the  vertical  ])osition.  Hence,  a  phylo- 
ijeiietic  series  cm  Ik."  constructed.  hetiinninjLr  with  the  condition 
noted  in  early  generations  of  //.  orhicuLita  ami  //.  hypc-fhnwi. 
and  terminating  with  the  ojiiditiiw  in  //.  chucUnta  i>r  //.  lUhi- 
tiitii.  Such  a  series  harmonizes  the  ])henomciia  in  axi.d  roots 
with  those  in  the  lateral,  renderintc  it  (piite  certain  th.it  poly- 
stcly  is  the  true  explanation  in  the  one  ;is  it  is  in  the  other. 

lUit  there  yet  remain  other  facts  that  are  incMiiipatihle  with 
.my  theory  of  concrescence.  A  sin>;le  root-cap  clothes  the  tips 
of  all  roots,  and  hchimi  this  root-ca|)  there  is  a  sinsjie  Muall- 
celled  meristem.  consistinij  of  derinatojjen,  ])eril)lem,  and  pleroine 
initials.  Moreover,  the  first  indication  of  a  root  is  the  ai)i)ear- 
ance  of  a  sinijle  meristematic  area,  and  from  this  alone,  without 
Concrescence  with  .any  other,  the  riKH  develops. 

The  inter])iet;ition  of  the  ])henomen;i  in  polystelic  roots  in 
terms  of  the  modern  stelar  hypotheses.  esi)ecially  of  those  that 
.att.ach  imiMirt.incc  to  the  differentiated  meristematic  areas  at  the 
tjrowintj  point  is  a  m.atter  of  some  interest.  The  view  of  Han- 
stein  th.it  the  three  meristematic  are.'is.  dermatopen.  perihlem 
and  pleronie.  in  th  'jriiwincf  ])oint  of  vascular  plaf.ts  corre 
sponded  to  the  e|)ideriiiis,  cortex,  and  stele  of  the  mature  organ 
is  well  known,      lint  '*   is  \erv  e\iili.Mit   in  these    roots  that    a 
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priiiiary  plcrunu'  >ti.i!)<l  i>  ii"!  wlmlix  vmiiij;  >til.ir  ti^-iic.  tor  <<:\ 
tracing  it  liaik  in  lliil<,)iiin>i  ■■>l'uul,ilii.  hyi^irluirta,  iir  \\f  li.ivi- 
fouiKl  tliat  it  passfs  iiit.i  stvonil.ity  |il^ininc  ^Iraii'l-  an. I  i-Mra 
stelar  jjmund  ti^stic  <>t  tin-  s.uiif  kind,  runtiiiinm-  with,  .iiid 
iiiili>tiiij.;iiio|ialiU'  tiMiii  tlu-  liirlKal  ii-.-iu-.  Tln'  >i'i"ii'larv 
pleri^iiif  >traiiiN  aif  ti.in^tnrincl  intu  >lclt-..  c.iili.  it  m.i\  1>»'.  ^^''1' 
Its  pitli  aiul  imicIihUtiiiis,  wliilf  tin-  (.jnnKid  ti>-.iic  (iiiilfr;;wi'>  im 
fnrtluT  ili;iii;,'f.  I'li.it  the  iiliToitu-  -  ii..t  m-ifvinK  tlic  iitnlil 
I'euMiti.itiMl  Mi'lf  ha>  alri'.uly  honi  jirovfil  |. t  >iTt,iiii  t'Tiiw  by 
Schouli-  (  :o_').  (.'aiiiphfll  (  o,!.  .lU'l  nii'ic  n-cintly  liv  I'.oi.inl 
(  ;<)*').  Ihit  in'uhfri'  i^  tlii^  -"  vlnkiiii;l\  llif  ca^c  .1^  in  the 
cxainjik's  wt-  lia\f  <lc'M'rihf<l. 

In  this  inniurtinii  tli.  iinninln'^'ii  nt  the  jmh  aii<l  ihi-  tis>n»'s 
occupying  the  axis  in  ixdysti-lic  ( )rcliiil  r^nits  ;iri'  ii.iiticularly 
interesting.  Tliere  are  two  theories  in  re^;,lrll  to  the  ih.n.uter 
of  pith.  One  of  these  reyanls  the  jiith  as  alwav-  stelar.  wliile. 
.icc-onlni),'  to  the  other,  the  pith  in  many  eases  i^  an  extrastelar 
tissne.  The  lirst  jjositioii  has  l)een  niaintaine.l  hv  \'.in  'l'iej,'heni 
{'HU)  rexeejit  in  the  case  of  "  ^Miiiostety  " ).  Sir.ishnr>;er 
(■qi).  HiMxlle  (  ;oi  ).  'I'ansley  ami  I.n'hain  (o;*,  and 
others.  ("onsiderahle  stiess  h.as  heen  pl.ieed  on  the  corre- 
sjiondence  of  Ilanstein"s  nieristeniatie  areas  in  the  growini;  point 
witli  the  a  re.  I,  in  the  iiiatnre  ]H»rtions  of  tlie  pl.int.  The  other 
\iew.  first  projHised  hy  lefifrey.  tii  .t  the  i)ith  is  cortical  in  its 
lionioloj^'ies  ill  some  eases,  h.is  for  its  sn])i)ort  the  -imilarity  of  the 
cells  of  the  cortex  ami  med'.illa,  their  contiinnty  at  the  jjajjs.  the 
"  (!ipi>inp  in"  of  the  eiKlodermis,  certain  facts  of  deijener.ition. 
and  the  incoi.ipatihility  in  certain  cases  of  the  tianstein  con- 
cei)tion.  as  noted  in  the  last  i).irajj;rai)h.  JetTrey  (  :(xi:  oj) 
described  the  "  intrusion  "  of  the  cortex  into  the  stele  al>o\e  the 
point  of  dei)artiire  of  the  leaf  traies  in  seedliiiirs  of  the  I'ter.  ip 
si<la.  and  ahove  the  hranch  traces  111  the  l.ycopMila.  I'anll  (  :<)i  ) 
described  the  contiiutity  of  the  cortex  and  ;)ith  thnni'rli  the  rani- 
nlar  f^aps  in  his  account  of  the  ( )sinundace;e.  Chandler  (  105) 
has  added  further  corroborative  proof  drawn  fr 'in  a  stndy  of 
an  extensive  series  of  sjHireliiifjs. 

Inirther  corrolHiration  of  the  view  that  the  pith  may  be  extr.i- 
stelar  in  some  cases  has  In-en  fonnd  by  the  .author  in  bi>  study 
of  the  lateral  mots  of  //.  blcpluiri-lottis  -,i  proof  .imonntiiiL;  to 
a  demonstration.  In  the  iiiajoril  ■  (  )rihid  root  steles  in  which 
n  "  jiith  "  occurs  there  is  no  connection  between  tbe  i)itli  ,ind  the 
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iMi.i^iil.u  ii-iu>.  liiit  III  //.  I'l,-pliiin^l,'ttu  (I'laic  1.  fiKure 
I  »  tluTo  I-  ;iii  mtcMii.il  fii^lniUTini^  siirnniii.liiiij  a  pitli  .>|  (juitc  a 
ilitfctfiit  iliaraiti-r.  On  tracmj;  the  pith  foiwanl  inmi  the  base 
i.iuanN  ilif  niut  tip  (  I'i.iti-  II,  lijjuro  .'.  >,)  it  has  hci-ii  seen 
tli.it  It  I-  o>iitiiiii.>ti>  vMth  the  cxtiaMi-lar  ti»ne  ^eiiaratiii),'  tlie 
>nle>  ml"  ulmh  the  iii.piu»tele  l)reak-.  up — a  ti-siie  tliat  ii 
iiiiiliiesti'>ii.iiil\  liMiiiiili>>,Miis  uitli  the  tissue  in  a  similar  |x)siti<)n 
111  lateral  ri'i>is  m'  //.  Ii\pctl>''ri\i.  fsyciulis,  etc.  (winch  are 
iHilv-tclic  at  tlicir  ha^e),  ami  with  the  tissue  sejiaratint,'  the  two 
^ule><  ill  llie  literal  i<"'ts  ot  //.  orhiiiiUila.  The  extrastehc  char- 
acter 111  till-.  ti>Mic  1^  especially  evident  v,\  die  last.  |nr  the  iiionD- 
stele  llattens.  hends  into  a  horseslnK.",  incompletely  enclosinjj  a 
p.irt  "t  the  cortex,  and  then  breaks  into  two  steles  of  equal  si/e 
|iv  a  constriction  nr  '■intrusion"  of  the  cortex  from  opposite 
sides  I  ri.ite  I,  tij,'ine  (•:  I'late  11,  figures  7.  8). 

In  coiicliiMoii,  polystely  adds  .another  specialized  feature  to  the 
tii.iiiy  posscsseil  hy  various  niemhers  of  this  reinarkat)ly  special- 
ized family,  it  is  ditVicuIt  to  say  how  this  habit  tnay  have 
.irisen.  but  there  is  e\  ide  .'.!y  some  connection  between  polystely 
and  ihe  tnU'rous  cli;ir;icter  of  the  roots  in  which  it  i>ccnrs.  for 
it  is  to  he  lit  ted  that  with  the  increasini,'  size  of  polystelic  roots 
in  -ncceeilinj.j  f^enerations  there  is  an  increased  number  of  steles 
111  e.iclt.  The  ])henoinenon.  as  it  exists  here,  plainly  answers  to 
\'.in  Tii^hem's  definition  of  |Hilystel>.  I'inally.  the  conditions 
I'xisiinj;  in  these  roots  must  be  reckone'l  with  in  any  stelar 
liypotliesis.  for  it  has  been  established  .iccordinfj  to  th;:  .  bserva- 
tioiis  ic.-orded  in  this  p.aper  tli.it  the  middle  and  certain  more 
or  less  railially  |il.icc'l  cells  belont^infj  to  the  primary  plerome  or 
to  ;Ik>  plcronie  initials  directly  L;ive  rise  to  extrastelar  elements. 


i 


SrMM.\RY 

I.  There  are  two  tyj)es  of  roots  .unonjj  the  tenestri.d  Orchid- 
acca'  -the  nioiii .stelic  and  the  polystelic,  in  \'an  Tieijhem's  sense 
of  the  tiiiiis.  In  reference  to  the  l.'itter.  the  term  "  concres- 
cciu-c  "  is  ina]iplicable. 

II.  Polystely  has  been  found  in  Ix'th  the  lateral  and  the 
tuber  Ills  roots  of  //.  orhicvlata.  II.  }'h-pharii:^lotti'\  II.  hyl'cr- 
Ihirnr.    II.  c'.avclhita.    II.   lacrra.   II.   p.';yc<:h:<.   II.   z'irr.wnt.^.  If. 
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l'l>ltl.■<llt^^,  U.  i,  in,if'liiii\i,  II    ll.uk>  ri  tut :    .inM  m  tin-  tiilicr'>M» 
riMds  iif  //.  hriiitCiitii  ami  Orihi.t  .■if>,;i,il'ili.<. 

111.  Ill  the  JKisai  iKirtioii  of  tin-  mmh. .NifU-  wlu.h  i>  .>i.lm.\rily 
presfiit  in  tao  lattT.il  T'M<t<  .it  //.  hlrfluirifyliitis  a  pitli  .111. 1  an 
internal  endixliTinis  may  iKiur  I'lif  pitli  in  ^ywU  >a^c^  i^. 
planily  extr.ivti-lar  in  it>i  lii>ttii.|,  ..^'U'^ 

l\'.    i'lii-  1)Kt<>iiii-  initial  oelU  in   all   ii"lv^U'lu-   T'"1>  ati-  ilii 
feretitiati'd   intu  stclar  and  extra-tdar  ti-i^uc-;. 


'I'lie  ali'ivf  invi-  .i^atMii  was  i-arru-d  ..n  in  llic  Hi.  >l.)i,'u- al 
Lalioratiiry  <«t  the  rniveisity  ..t  r..r.>nt.>  iiii.let  the  .|irerti..n  ..t 
Dr.  J.  11,  laiill.  liy  uh.im  tl;e  ^nhjeit  \\a-  snu'iiested.  an. I  ti 
whdiii  I  wi^h  ti.  e\|>|■e>^  mv  deep  .ililii,'ati.in<  I.t  inmh  pationt 
criticism  aii<l  ad\u-e  tlir.iiii;li.>iit.  a-;  aN.i  t.>r  ^.ine  ..f  the  mate- 
rial. My  thank-  .ire  due  t.i  l'rMfe^<llr  H  Kain>i\  W  ri'.^'!!t  I.  >r 
the  facilities  atforded  in  the  l;ili. iraturv. 
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I'lAlK    1 

Kij;.  I.     //.  f>lep/iarii;!,-ttis.      rr.in-.\t.'i-,f  si.  lion  tlinni^jh   liase  of  later.il  riMit, 

^lH>win^'  siphonostrlc  \Mtli  mtfriMJ  rtidnilerims. 
Fif;.  2.     S.inie  --tclf  l.irthir  mit 
li^.  3.     Same  stcli-  >till  m-airr  tin-  nidt  tip. 
KiK   4.      //     'raclr.it.i.      Tr.iii-'Vcr^f    --e.  tioii   of   laler.il    root,  showing;   Ivpiial 

IlliUlosIcU' 

hiK-5-      //■    ii'i:flLil,t.       TransMTM'    ^ci  ticm    ot    -.tulon,     ^howiii^    n  tupliluu 

~ipliiin(i-.tflf 
KiK-  (<■      II-  i'rhUulal.i.      ^rall^vel^^t•  -.filioM  ot  laliTal  mot,   sliowin^;  iiionu-.telc 

bt'Ljiiinmn  to  tlattcn. 


KiK 

7- 

KiK. 

8. 

Fig. 

9- 

FiK- 

10. 

K.KS 

II 

KiK. 

14- 

Ki^. 

'5 

I'l  \lh  II. 

The  Maiiit  farther  ovit,  ^tulf  hor?>r  ^hoe-^hapt■ll. 

The  Name  itill  farther  out,  alter  hifiio  .ition. 

//.    Iiyptrl'ortii.      Traiiivei-ie  beitioii   through   base  .if   lateral   root, 

-.hortinn  the  few  larne  ^iteleN. 
//.  hyperhnrcii.     ■^raTl-.vcr^e  ^ei  tioii  of  lateral    root,   >howin^   typii  al 

poly^telH   .  oiiditioii. 
12,  13.     //.   lt\-pcrhore-i.       I'lan^ver^e   serial   sections  of  tip  of  .ixia 

root  of  plant  of  an  e.irly  generation,  showing   ilitt'erentiation  into 

se(i>mlary  plemme  areas. 
//.  Hepliurii^lottis.     Tr.msverse  section  of  axi.il  root  near  lip. 
H.  /lypi-r/kiri-a.      Lonj;itnilinal  sec  tion  of  tip  of  lateial  root. 


DlAOKAM     I. 

(^nhis  spect<tl>i/t\.  Di.ijjr.irnm.itic  represent. ition  nf  vascular  system,  show 
ing  stolon  stele  supplyin>;  yi>iing  shoot  anil  its  axi.il  root  ;  11  ends  in  the  men- 
stematu  stolon  up  which  is  sheathed  by  a  le.if  (imtamini;  a  sin^^le  stelar  trace. 
There  are  three  rc»it  steles  ;  1//.  -..  stele  of  adventitious  shoot;  /.  1,  stele  ot 
stolon  ;  ^1,  stele  of  axial  root  r,  on  the  oppnsite  side  .ind  (orrespondinj;  to,  is 
not  ti>;ured>  ;  r„  stele  of  .ixial  root  ;  s.  I.  I.,  stele  of  she.ithin^;  leaf  ;  s.  /,  tip  of 
stolon:  '(.  r.,  axial  root;  f.,  stolon;  s.  I.,  sheathing  leaf;  sh.,  adventitious 
shoot. 

DiAl.RAMs    2-13. 

H.  orbiiiulatii.  Kegional  sections  of  the  ti.inntion  region  between  shoot 
and  root  of  .1  "  tuber."  .-X  rconstruction  would  give  ,\  figure  like  Duigrani  i, 
except  that  the  stolon  tip  is  relatively  higlu  r  up,  and  there  art  four  root  steles 
inste.ul  of  three.  Sh.  v.,  stele  of  .idventitious  shoot  ;  >.  v.,  stele  of  stolon  ;  r, 
'■■J.  ''.,  >■.,  steles  of  axial  root  ;  >.  I.  /.,  stele  of  sheathing  leaf  ;  1.  /.,  tip  of  stolon  ; 
a.  r.,  axial  root. 
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JO  lAII.AN  \l  liiN    oh     I'I.AIKn 

DiAi.RAM    14 

.'.'.  J.ivill.il.i.  I 'i;iKrammatic  reprf  ■  nt.ilKin  nt  v.isriilar --y^liMii.  Nciif  tlic 
dili'ii^f  ciiIki"  '>f  llie  II""  ^It'li-'^  'lui'  'II  111''  ili.iKtiili'i'Pi-ni  nf  the  mot.  Sh.  t., 
ilele  of  ^iiUentitious  >,IkiuI  :  s.  j,,  ^tcle  uf  stolon  ;  r..  i\.  r .  r,,  f ,  steles  of  .iv  al 
'not  ;  i.  /.  /■.  stele  of  slie;ithii)K  leaf;  \.  /.,  lip  of  stnluti  :  >;.  r.,  a\uil  riml  :  s., 
stulon  :  s.  /.,  sheatliiii);  leaf,  s/i  ,  .nlventitimis  ^hoot, 

DiAi.K.wis    15-2(1. 

//.  Iiyftiyl'orcit.  Kt>:ioiial  seitions  nf  llie  transitiDii  re>;iiin  littwcei^  shout 
ami  loot  iif  .1  "  tiiher.  '  Note  tli.it  tht  sIdIdii  stele  ...iives  nfffour  steles  along  its 
lpnj;lh  bifiire  the  re^jion  of  the  luot  proper  is  reached.  The  di.i>;ram  represents 
a  riindition  intermediate  between  DiaKrains  J13  and  l)i;iK''"i  14-  ^l>-  >•,  stele 
of  adventitiniis  shoot  ;  ,1.  J.,  stele  of  stolon  ;  /.  r.,  lateral  root  ;  r,,  r.,  r.,  r„  r„ 
r„.  steles  of  axial  root  :  a.  /.  /.,  stele  of  she.ithinj;  leaf:  s.  I.,  tip  of  stolon  ;  ,i.  r., 
axi.i!  root  c  orrespondinj;  to  shoot. 

l)|.\i.RAM   -'7. 

//.  hyperbercii-  \>\,ix\\  of  an  early  generation.  Diaj;raiTimatic  representation 
of  vascular  system,  showing  stolon  stele  iiipplyin^;  yount^  shoot  and  its  axial 
root;  it  ends  in  the  nieristematic  stolon  tip  which  is  sheathed  by  a  leaf  contain- 
inj;  a  single  stelar  trace.  Note  th:it  the  root  stele  is  nionostelii  at  its  base,  .ind 
later  divides  into  two  steles.  Sh.  s.,  stele  of  ,a<lventitious  shoot  ;  s.  s.,  stele  of 
stolon  ;  »i,  n  steles  of  axial  root  ;  f.  /.  /.,  stele  of  sheathing  le:if ;  s.  /.,  tip  of 
stolon;  a.  r.,  axial  root;  5.,  stolon;  1.  /.,  sheathing  leaf;  t/;.,  adventitious 
shoot  ;  r.,  monostelic  axial  root,  which  lower  down  bifurcates  into  r,,  and  r,. 
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